INTRODUCTION: 25
The successful visualization of fluorescent markers in tissue is often complicated by 26 autofluorescence. Many sources of endogenous autofluorescence exist in mammalian tissues, 27 such as lipofuscin, collagen, and elastin (Banerjee et al. 1999 , Ottis et al. 2012 . Formalin 28 fixation, a common method of sample preparation, also generates autofluorescence. Lipofuscin, 29 whose presence is a common hallmark of aging, is a particular complication in fluorescence 30 imaging of specimens of neurodegerative diseases, where patients are often of advanced age 31 (Ottis et al. 2012 ). Lipofuscin's broad fluorescence emission greatly hinders the application of 32 common fluorescent labels like FITC and Texas Red. Lipofuscin signals often need to be 33 manually labeled in fluorescence images to aid image interpretation (Xiao et al. 2015) . 34
A number of treatment options have been suggested to reduce lipofuscin fluorescence. These 35 include chemical treatment of the specimen with CuSO 4 in ammonium acetate or quenching dyes 36 such as Sudan Black B and Eriochrome Black T (Davis et al. 2014) . Digital image processing by 37 spectral un-mixing has also been used, but the process is difficult and has the disadvantage of 38 generating false positives and artifacts (Zimmermann et al. 2003) . Previously, photobleaching 39 using a fluorescent tube lamp has been performed, although certain lipofuscin structures still 40 D r a f t D r a f t petri dish (Sarstedt, Nümbrecht, Germany) containing sterile buffer. The dish was elevated by a 73 plastic support to avoid sample heating ( Figure 1A ). Samples on microscope slides were 74 photobleached by submerging the slides in sterile TBS and 0.05% sodium azide at 4 ºC in a cold 75 room. A reflective dome covered the petri dish containing the sample for the duration of 76 photobleaching. The emission spectrum (400-800 nm) of the lamp was measured using a QM-1 77 fluorescence spectrophotometer (Photon Technology International, Edison, NJ, USA). 78
Sample preparation and Immunofluorescence 79
Formalin-fixed brain blocks of the orbitofrontoal gyri in a case of FTLD-T (~2 days fixation) 80 were run through 10%, 20%, and 30% sucrose gradients, infiltrated with optimal cutting 81 temperature (OCT) compound, frozen, and cut into 10 µm thick sections and attached to glass 82 microscope slides. For samples undergoing photobleaching treatment, slides were photobleached 83 for 48 hours in the photobleaching apparatus prior to staining. The slides were treated in antigen 84 retrieval buffer (10 mM Citric Acid, 2 mM EDTA, 0.05% Tween 20, pH 6. We then investigated the effect of PB and TB treatments on more sensitive stains such as Nissl, 164 which can be quenched by BSA and other serum proteins (Figure 4) . We stained the tissue with 165 Overall, we find that irradiation of formalin-fixed brain tissue with a white phosphor LED lamp 175 is an effective and low-cost method of reducing autofluorescence. Photobleaching does not 176 interfere with the fluorescence intensity of probes due to the fact that it can be applied prior to 177 sample staining. This allows for exclusive bleaching of unwanted autofluorescence, whereas 178 commercial dyes and quenchers such as TrueBlack™ are applied prior to mounting the sample, 179 allowing for undesirable quenching of probe signals. Additionally, photobleaching does not 180 introduce any exogenous material to the specimen that potentially interferes with subsequent 181
handling. Quenchers such as TrueBlack™ must also be applied in 70% ethanol. Compared to the 182 commercial quencher TrueBlack™, our photobleaching protocol, which uses a commercial lamp, 183 requires more processing time. Our LED array is also not expected to photobleach fluorescence 184 excitable near UV range since the lamp has no emission at wavelengths below 405 nm. 185 However, LED with higher power and intensity can reduce the processing time, and as previous 186 studies have described, custom LEDs with different emission wavelengths can be used to direct 187 photobleaching to specific chromophores (Duong and Han 2013) . For targeting broad-spectrum 188 autofluorescence, however, it appears that white phosphor LEDs is sufficiently effective. 189
We demonstrate that photobleaching treatment followed by immunostaining generally produces 190 signals that are brighter and more intense at certain wavelengths compared to post-staining 191 autofluorescence suppression approaches, while producing little to no background. TheD r a f t generation of clean images for immunofluorescence microscopy is not only important for theaccurate visualization of features of interest, but it is also a prerequisite for the application of 194 advanced microscopy techniques such as spatially targeted optical micro-proteomics (STOMP) 195 (Hadley et al. 2015) . While previous methods have involved intricately assemblies, we present 196 an extremely simple, inexpensive, but effective method for autofluorescence removal that is 197 accessible to all investigators. Overall, photobleaching using white phosphor LED prior to 198 staining is a versatile treatment that we expect to be amiable to a broad range of specimens. 
